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Accurate measurement of sebum excretion is neces-
sary to evaluate drugs such as anti-androgens and the 
new retinoic acid derivatives. Existing techniques are 
good, but some are inaccurate at high levels of sebum 
and are time-consuming for technicians. 
We have therefore, re-examined sebum excretion 
methodology and have developed a modified photomet-
ric technique. This technique, which utilizes a robust, 
portable machine gives data which are accurate at all 
levels of sebum production and reduces the technician 
time of analysis without loss of accuracy or reproduci-
bility. 
There are sufficient data on sebaceous gland physiology to 
indicate that an effective anti-seborrhoeic drug, such as an 
antiandrogen or 13-Cis retinoic acid would benefit patients with 
moderate and severe acne [1,2]. The production of a quick, 
accurate and reproducible method for measuring sebum excre-
tion would be invaluable for the assessment of such therapy. 
Physiological and pharmacological activities of the sebaceous 
gland in man have been predominantly investigated by the 
gravimetric technique for sebum excretion as described by 
Strauss and Pochi [3] and used by several other groups [ 4-6]. 
The disadvantage of this technique is that it is relatively time 
consuming, especially for the staff, for whom the sampling 
procedure and final analysis of results for 10 patients may take 
up to 8 hr. In 19.70, Schaeffer and Kuhn-Bussius [7] introduced 
a photometric technique which exploited the fact that when fat 
is applied to ground glass there is a proportional increase in the 
transmission of light through the glass, which can be measured 
photometrically. More recently, Saint Leger et al [8] have 
modified the technique in order to measure the "casual level of 
sebum" and have introduced a mathematical approach to esti-
mate absolute amounts of sebum. However, the disadvantage 
of these photometric techniques is that at high levels of sebum 
production inadequate sampling may occur [10]. 
There is a continuing need for a rapid and accurate method 
of measuring sebum production. With this in mind we have re-
examined sebum excretion methodology, and believe that we 
have now developed a technique which is more suitable than 
existing techniques. 
MATERIALS AND METHODS 
Three hundred and ten subjects with various grades of acne vulgaris 
were investigated. All topical therapy was discontinued 2 days prior to 
sampling, also washing and the application of cosmetics on the morning 
of sampling was forbidden. Patients were allowed to continue oral 
antibiotic therapy as these have no effect on sebum excretion rate. 
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Gravimetric Technique 
The technique used was basically that of Strauss and Pochi [3] and 
Cunliffe and Shuster [ 4]. Two areas on the forehead were accurately 
measured and delineated by adhesive tape. Five strips of absorbent 
paper (Koch Light Ltd) were held comfortably in position over the 
sampling areas with a gauze pad and a broad rubber band, which was 
fixed at the back of the head with nylon mesh (Velcro). At 10-min 
intervals the paper in contact with the skin was discarded and after 3 
or 4 changes the paper exhibited a spotted appearance, each spot 
representing sebum emerging from a group of pilosebaceous units. At 
this point 5 further papers which had previously been washed in diethyl 
ether were applied to the skin using a no-touch technique and these 
were similarly held in position by the gauze pad and rubber band for an 
accurately measured period of about 3 hr. The sebum was extracted 
from the papers with diethyl ether (Analar), which was subsequently 
evaporated in a rotary evaporator. The amount of sebum collected was 
weighed in pre-weighed flasks. The weight of sebum divided by the 
area sampled and divided by the time of collection gives the S.E.R. in 
/lg cm- 2 min- 1• 
Photometric Technique 
An instrument specifically designed for the measurement of skin 
surface lipids (Lipometre, manufactured by L'Oreal Laboratories, 
France, Fig 1) was used for this investigation. 
The Lipometre has been described in principle [8,9] and consists of 
a fixed wave length spectrophotometer containing a light emitting 
diode working at 650 nm with a band width of 20 nm and a photo-
transistor. These 2 elements illuminate and record through a double 
fiber-optic bundle over a circular area of approximately 2 mm2• The 
machine measures the light energy received by the photo transistor and 
relates it to the energy output of the light emitting diode. The difference 
between the 2 values is displayed as a direct read out in /lg cm- 2 after 
conversion from millivolts by a micro-processor, which had been pro-
grammed to fit a calibration curve produced by artificial sebum (Fig 2). 
The optical and electrical principles of the method are shown diagram-
matically in Figs 3 and 4. 
Skin surface lipid was sampled by a sapphire plate 1.5 x 1.2 x 0.3 em 
which had one surface finely ground and the other surface coated by a 
smooth reflective aluminium coating. The sapphire plate was perma-
nently clamped in an applicator (Fig 5) . The applicator was designed to 
fit accurately into the lipometre as shown in Fig 1 and when in position 
ensured that the sapphire plate was at 90° to the plane of the light 
source. The applicator also contained a constant pressure device that 
ensured a constant pressure at the skin surface of 0.55 kg cm- 2• 
The finely ground surface of the sapphire plate reflects light in many 
directions due to the irregular surface presented to the light beam. 
When the plate is coated with lipid the surface of the plate is rendered 
more smooth and less light is scattered, thus allowing more light to 
pass through the plate and to be reflected back to the phototransister 
(Fig 3). (The precise optical properties of the plates have not been 
defined as this system only measures differences between transmitted 
and received energy). The double fiber-optic bundle was eccentrically 
positioned to allow 4 separate estimations of lipid on the surface of the 
plate each time the plate was rotated through 90° (Fig 6) . Constancy 
of results was ensured by the use of 4 "standard" plates of different but 
fixed opacity, their position relative to the calibration curve is shown 
in Fig 2. 
Before each sampling, the sapphire plate was cleaned in acetone 
(Analar) and positioned in the Lipometre, the indicator was then 
electronically "zeroed" by a microprocessor by pressing button A (Fig 
1). Sampling was performed by the application of sapphire plates to 
the skin surface for 15 seconds. To measure the lipid collected, the 
plate and applicator were immediately inserted into the machine, and 
the read-off recorded in each of the 4 positions indicated in Fig 6, the 
mean of these 4 readings was taken as the lipid content of the plate. As 
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FIG 2. A calibration curve produced for the Lipometre, using artifi-
cial sebum. The positions of the 4 internal standards are shown at 
positions A, B, C, and D. 
inclicated in the results section, we found that sampling 4 times at the 
same site gave an accurate assessment of the surface Lipid. The time 
taken for sampling and recording one patient at any one skin site was 
3 min. 
Two different procedures were used to measure sebum levels pho-
tometrically. The first was a timed (SER) procedirre in which the 
for e head was defatted by the application of absorbent papers, exactly 
as for the gravimetric technique. After a period of 3 hr during which 
the forehead was not touched, 4 sapphire plates were applied in rapid 
succession to the same area of skin. 
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The second procedure entailed the measurement of the skin surface 
Lipid of patients who had no prior preparation of the forehead. No 
particular time of day was chosen and the lipid was sampled using the 
same method as above (i.e., 4 plates in rapid succession). This was 
designated "Casual Level." 
In both procedures 2 estimates of the sebum levels were made. The 
fust was by the summation of the mean values of 4 plates. This 
estimation will be referred to as the summation method (SM). The 
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FIG 3. The optical principle of the Lipometre with a clean plate a 
and a lipid coated plate b. 
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FIG 4. A diagramatic representation of the electrical principle of the 
Lipometre (courtesy of L'Oreal Labs, France). a'a": amplifier; am: 
analog memory; d: circuit driver, f- ob: fiber-optic bundle; led/pt: light 
emitting diode/photo transistor; o: oscillator; r: rectifier. 
FIG 5. A close-up of the samr-Ier. 
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FIG 6. The 4 positions on the Lipometre and the eccentric position 
of the diode. 
second estimation assumed that the decrease in sebum level on succes-
sive plates obeyed an exponential law. This estimation used the formula 
described by St. Leger et aJ [8] and is referred to as the mathematical 
method (MM) . 
COMPARISON OF PHOTOMETRIC AND 
GRAVIMETRIC TECHNIQUES 
A number of experiments were performed to compare the 
accuracy and reproducibility of the photometric and gravime-
tric techniques: 
1. To Assess Accuracy 
The standard method for assessing the accuracy of SER 
measurements has been to compare the values obtained from 
opposite sides of the forehead [ 4]. Theoretically, because of the 
bilateral symmetry inherent in most body tissues, a close cor-
relation between the 2 sides would be expected, and therefore 
an estimate of this correlation would provide a measure of the 
accuracy of the technique. The left/right correlation was there-
fore determined on the same patients on the same day for: 
a. 3-hr SER as measured by the gravimetric technique. 
b. 3-hr SER as measured by the photometric technique and 
calculated by SM. 
c. 3-hr SER as measured by the photometric technique and 
calculated by the mathematical method (MM). 
d. "Casual Level" calculated by SM. 
e. "Casual Level" calculated by MM. 
Comparisons were made between the SER measured gravi-
metrically, randomly assigned to one side of the forehead and 
the photometric technique on the other side, on the same 
patients on the same day, in the following ways: 
f. 3-hr SER calculated by the SM. 
g. 3-hr SER calculated by the MM. 
h. "Casual Level" calculated by the SM. 
i. "Casual Level" calculated by the MM. 
The photometric data were analysed to compare the lipid 
collected by one plate j (i) or the sum of 3 plates j (ii) with the 
S.E.R. using the gravimetric technique. 
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k. A possible source of error with a 3-hr sebum excretion rate 
measured photometrically may. have come from patients ab-
sent-mindedly wiping their foreheads. This was tested for by 
measuring SER photometrically on both sides and asking pa-
tients during the last hour of collection to deliberately wipe one 
side, three times in succession, with the back of the contralateral 
hand. 
2. Reproducibility 
Studies using the gravimetric technique have shown that 
there is little day-to-day variation in the sebum excretion rate 
of an individual. It has been suggested that this is also true of 
the Casual Level [8]. To assess the day-to-day variation in a 
group of 22 male patients, a 3-hr photometric SER and casual 
level were measured. 
All subjects were sampled at the same time of the day to 
minimize diurnal variations (11), and the skin temperature was 
recorded on some patients to monitor possible variations in the 
results as SER can vary with changes in skin temperature [12] 
RESULTS 
The results are shown in Figs 7 and 8 and Tables 1, 2, 3 and 
4. Comparison between the SER from the right and left sides 
of the forehead indicates that SER as measured by the gravi-
metric technique (Table Ia) and the photometric technique (as 
estimated by summation of the lipids on 4 plates (Table Ib and 
Fig 7), are highly correlated but estimation by the mathematical 
method (Table Ic) correlated poorly due to variation in parti-
tion coefficients (vide infra) . Left to right comparison of casual 
level estimated by either the SM (Table Id) or the MM (Table 
Ie) are similar but the correlation is better using the summation 
method. 
Comparison of SER by the gravimetric technique with SER 
by the photometric technique shows that the 2 techniques 
compare favorably by both SM (Table If and Fig 8) and MM 
(Table Ig). There was also a good correlation between the SER 
by gravimetric technique and "Casual Level" calculated by SM 
(Table Ih) or MM (Table li). 
Comparison of the SER by the gravimetric technique with 
the lipid obtained using one plate (Table Ij (i)), the sum of 3 
plates (Table Ij (ii)) and the sum of 4 plates (Table If) gave 
similar correlation coefficients. There was no significant differ-
ence in the amount of lipid determined by the sum of either 3 
or 4 plates but calculation by the mathematical method gave a 
significantly higher value which was also significantly different 
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FIG 7. The comparison of sebum excretion rate on the right and left 
side of the forehead using a modified photometric technique. 
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from the corresponding SER by the gravimetric technique 
(Table II). 
Deliberate wiping of one side of the forehead 1 hr before 
sampling (Table Ik) gave a lower level of sebum collected on 
the wiped side (mean 0.84 J.lg cm- 2 min- 1) compared with the 
unwiped side (mean 0.94 J.lg cm- 2 min- 1); this decrease was 
proportionally similar for all levels of SER but failed to reach 
statistical significance. 
Sequential studies on the patients at weekly intervals (Table 
III) using a 3-hr SER by the photometric technique showed no 
significant variation with time. However, the Casual Level 
varied significantly over the 5-week period and this could not 
be explained by the minimal variations that occurred in the 
skin surface temperature. 
DISCUSSION 
There is a continuing need to test drugs which affect SER 
because a substance which will considerably reduce the SER 
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FIG 8. Comparison of sebum excretion rate by the gravimetric tech-
nique and the modified photometric technique. 
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will improve acne [1,2]. To monitor the effect of such prepara-
tions, a rapid and accurate method for assessing sebum produc-
tion is required. Previously 2 noninvasive methods have been 
routinely used, the gravimetric absorbent paper technique [3,4] 
and the photometric technique [7,8]. The former is time con-
suming and the latter is inaccurate at high levels of surface lipid 
[10]. The reason for this inaccuracy is that in the original 
photometric technique, only 2 ground glass plates were applied 
to the forehead. It is possible that a single plate has only a 
limited potential to pick up lipids and at high levels would 
become saturated. 
Our overall results indicate that a 3-h SER measured pho-
tometrically is as accurate as the gravimetric technique and is 
reproducible over a period of 5 weeks in the same individual. 
We have examined many variations of our initial technique. We 
prefer to sample by applying 4 plates in succession at the same 
site. Even though our studies with the photometric technique 
showed an excellent correlation with the amount sampled by 
the first plate, close examination of individual values has shown, 
TABLE II. Paired Student's t-test to compare the estimates of sebum 
excretion rate (SER) by the gravimetric and photometric techniques 
Mean SER Mean SER 
n photometric gravimetric p 
l'g em·' min- 1 l'g em·' min- 1 
Mathematical method 30 1.62 1.37 <0.01 
Sum of 4 plates 30 1.45 1.37 NS 
Sum of 3 plates 30 1.31 1.37 NS 
TABLE III. Weekly measurements of sebum excretion rate and 
casual level calculated by summation. method 
Method N Week 1 Week2 Week 3 Week4 Week 5 
Sebum excretion 22 0.79 0.83 0.80 0.83 0.83 
rate ( p.g em - • ± 0.04 ± 0.04 ± 0.05 ± 0.06 ± 0.05 
min- 1)mean ± 
SE 
Casual level p.g 22 234.1 207.8 214.8 213.7 183.2 
em -• mean ± SE ±42.1 ±42.58 ±39.1 ±45.9 ±35.9 
Analysis of variance failed to show significant differences in sebum 
excretion rate between weeks but was significant (p < 0.01) between 
weeks 1 and 5 for casual level. 
TABLE I. Results of the comparison of various techniques 
Experiment Experimental Number of Correlation p code details observations coefficient 
a. Gravimetric SER" R vs Lb 30 0.8915 <0.001 
b. PTe SER (SMd) R VS L 30 0.8886 <0.001 
(see Fig 7) 
c. PT SER (MM' ) R VS L 27 0.1845 NS 
d. CL' (SM) R vs L 97 0.8800 <0.001 
e. CL (MM) RvsL 94 0.7800 <0.001 
f. Gravimetric SER vs. PT SER 30 0.8838 <0.001 
(see Fig 8) (SM) 
g. Gravimetric SER vs. PT SER 30 0.8780 <0.001 
(MM) 
h. Gravimetric SER vs. CL (SM) 114 0.6824 <0.001 
i. Gravimetric SER vs. CL (MM) 32 0.7688 <0.001 
j. Gravimetric SER vs. PT SER 29 0.8709 <0.001 
(I plate) 
Gravimetric SER vs PT SER 30 0.8747 <0.001 
(sum of 3 plates) 
k. PT SER (SM) VS. PT SER 28 0.7600 <0.001 
(after wiping) (SM) 
" SER = 3-hr sebum excretion rate. 
• R = right side of forehead; L = left side of forehead. 
" PT = photometric technique. 
"' SM = summation method (4 plates) . 
• MM = mathematical method. 
r CL = casual level. 
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TABLE IV. Four examples of sequential sampling 
Sampler Lipid removed (p.g cm-2 180 min- 1) 
1 319 246 167 50 
2 125 70 84 26 
3 66 6B 4B 14 
4 48 39 16 9 
Total lipid J.tg 558 423 315 99 
cm- 2 180 
min- ' 
SER (SM") J.tg 3.1 2.35 1.75 0.55 
cm- 2 min- ' 
SER (MMb) J.tg 3.43 2.73 1.84 0.61 
cm- 2 min- ' 
"SM = Summation Method. 
b MM = Mathematical Method. 
especially in those patients with a high level of sebum produc-
tion, that one reading can sometimes give a falsely low estimate 
of total lipid present. 
In an attempt to improve the photometric technique, St. 
Leger et al [8] applied 4 plates consecutively to the same area 
of skin. From these values an estimate of each partition coeffi-
cient could be made and any variation in the coefficient could 
be detected. In the absence of any variation, the 4 sample values 
were found to follow an exponentially decreasing curve. The 
mean partition coefficient could be calculated and by integra-
tion, the absolute value of lipid on the skin could be obtained. 
In many patients investigated this mathematical approach cor-
related highly with the gravimetric technique and the 3-hr 
photometric technique as determined by summation, but in 
several instances the mathematical approach gave unsatisfac-
tory data (Table lc). This was explained by an error inherent in 
the calculation of the total lipid which assumed a standard and 
constant partition coefficient which was then used in the inte-
gration equation to determine total surface lipid. Our results 
have shown that a "rogue" or dirty plate with a widely differing 
partition coefficient may give rise to a falsely high estimate of 
total surface lipid, whereas summation of the four plate values 
is a much more reliable assessment (Table IV). Furthermore, 
summation is a much quicker method of analysis. 
We were surprised that deliberately wiping the forehead had 
little effect on the levels of lipid collected which may suggest 
that forehead lipid has a greater affinity for the forehead skin 
than dorsal hand skin. 
Our choice of sampling is to prepat'e the forehead with 
absorbent papers to obtain a follicular pattern. We then mea-
sure the lipid remaining and wait for 3 hr instructing the patient 
to remain in the department, to have no hot drinks and not to 
touch the forehead, after which we repeat the 4 samplings at 
the same site. We have chosen to use 4 rather than 3 samplers; 
both compare well with the gravimetric technique but 4 sam-
plers are preferred in hyperseb~rrhoeic subjects. We suggest 
that the results should be estimated by summation rather than 
the mathematical approach of St. Leger et al [8]. This technique 
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we have called the "Modified Photometric Technique" and is 
a compromise based on the ideas and techniques of Strauss and 
Pochi [3], Schaeffer [7] and St. Leger et al [8,9]. 
We do not recommend the Casual Level method for physio-
logical and pharmacological investigations. Although casual 
level· and sebum excretion rate show some correlation, the 
casual level varies significantly with time whereas the excretion 
rate measured by the photometric technique does not. 
Over the past 8 yr there have been several attempts to 
produce a machine for rapidly measuring SER photometrically. 
The present machine has many good points. It is light, but 
robust, easy to use, givinga direct read-out calibrated up to 259 
(J.g cm- 2 and is provided with 4 internal standards. We believe 
that this is the technique of choice for measuring SER. 
The modified photometric technique is accurate, reproduci-
ble and time saving. In a comparative study of 20 subjects the 
duration of the study was the same for the patients as with the 
gravimetric teachnique but for the staff the time was reduced 
by 40%. It also has the advantage of providing the final resultS, 
before the patient leaves the department. ·The equipment also 
allows SER to be measured in difficult sites, such as fr.om the 
chest, back, nose, cheek or scalp. As the area measured by the 
light emitting diode is small (2 mm2) it also permits measure-
ment of SER from one or a small group of sebaceous follicles. 
We have no hesitation in recommending it as the technique of 
choice for measuring sebum excretion rate and related phenom-
ena. 
We wish to thank L'Oreal Laboratories, Paris, France for supplying 
the machine, and Mrs. Diane Davies for typing the manuscript. 
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